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REMARKS 

Claims 8-12 and 14 stand rejected under 35 U.S.C. 103(a) as being unpatentable over 
Downey (U.S. Patent 5,762,891) in view of Krause (U.S. Patent 5,820,966). The present 
invention is directed to a method of selectively precipitating arsenic from a solution containing 
copper, ferric iron and ferrous iron whilst minimizing copper losses through co-precipitation by 
using a two-step process of calcium-containing neutralizing agent addition. Applicant submits 
that neither of the references cited teach or suggests a two-step process of calcium-containing 
neutralizing agent addition. Furthermore, Applicant submits that it would not be obvious to use 
the two-step process claimed by the Applicant. Downey teaches that a treated solution 
(subsequent to arsenic precipitation) may be subjected to treatment steps to recover dissolved 
metals such as copper (col. 8, lines 40-50). The Examiner relies on this disclosure to support an 
assumption that, because copper may be recovered from solution, the copper must have stayed in 
solution and therefore copper loss was minimized. Applicant submits that this assumption is 
made under the influence of hindsight for, clearly, copper can still be recovered from solution if 
copper losses are not minimized. The Downey reference is devoid of any quantification 
regarding copper concentration before and after arsenic precipitation. The disclosure cannot 
therefore support the contention that Downey teaches a method of selectively precipitating 
arsenic whilst minimizing copper losses. Applicant hereby submits a Declaration along with a 
laboratory study, conducted by P.I. Harvey (one of the listed inventors) in September 1999, that 
copper loss through co-precipitation is minimized when the method of the present invention is 
carried out. The study shows, at 85 °C (Figure 6) and 60 °C (Figure 7) respectively, using lime 
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as the neutralizing agent, that between pH 1.5 and pH 2.2, copper removal remains minimal 
whilst arsenic and iron removal is high. Figures 6 and 7 correspond with batch tests B6 and B7, 
respectively. The batch test results were used to conduct a series of continuous neutralization 
tests, which better emulate the practical environment. Continuous neutralization tests C4 and C5 
were conducted using the same solutions as batch tests B6 and B7. The results of the continuous 
neutralization tests show (Tabel 7), at pH setpoints of 2.15 and 2.25, that: 

1) for tests C4 (85 °C), only 1.54% of the copper is removed whilst 54.9% of the arsenic 
is removed; and 

2) for test C5 (60 °C), only 0.43% of the copper is removed whilst 60.2% of the arsenic is 
removed. 

It is known that washing reduces copper co-precipitation. Therefore, it may be expected that 
more favourable results would occur had results been obtained after washing. 

The results of tests C4 and C5 also support another advantage of the invention, i.e. the 
method is equally effective at temperatures as low as 60 °C. The advantage of this is that at 
temperatures just above 85 °C, in high altitude locations such as Chile, the boiling point of water 
is being reached. Numerous technical and economic difficulties are posed by the design of a 
plant capable of working at temperatures close to boiling point. 

The advantage of using a two-step process of neutralizing agent addition is that it 
provides better pH control. By adding the neutralizing agent in a step-wise manner, localized 
areas of relatively high pH are avoided and thus copper co-precipitation in these high pH 



3 



- - • " v 10/088,511 

Harvey, et al. - Response 10 May 2007 

localities is reduced. Furthermore, better nucleation of the arsenate precipitate, and a better seed 
material, result from the step-wise addition of the neutralizing agent. 

For the foregoing reasons, Applicant submits that the rejection has been overcome and 
requests reconsideration and allowance of the claims of the present application. 



Respectfully submitted, 

By: /Jennifer P. Yancv/ 
Jennifer P. Yancy 
Reg. Number 47,003 

JONES, TULLAR & COOPER, P.C. 
P.O. Box 2266 Eads Station 
Arlington, VA 22202 
(703)415-1500 

Filed: 10 May 2007 
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1. INTRODUCTION 

One of the major advantages of the BioCOP® process Is that it allows ores containing 
arsenic minerals to be processed with no adverse environmental impact. This Is achieved by 
neutralisation of solution streams containing solubilised arsenic. The process streams In the 
BioCOP® process that contain solubilised arsenic also contain leached copper. 
Conventional neutralisation will precipitate all the copper out of the solution due to the high 
pH used Thus the BioCOP 0 neutralisation process will differ from that currently used in 
BIOX® plants, it is necessary, therefore, to identify a neutralisation process that will remove 
arsenic and iron from solution without significant co-precipitation of copper. 

The exact position of the neutralisation step within the BioCOP® flowsheet Is yet to be 
established. Ideally the process should be positioned to treat the PLS stream pnor to SX. At 
this stage in the process, precipitation of Iron from solution will lower the ferric concentration 
entering the SX plant, thereby reducing degradation of the organic phase and extraction of 
iron. Neutralisation at this stage, however, may result in significant copper losses due to the 
high copper tenor of the solution. Neutralisation may also be performed on the bloleach 
decant thickener overflow solution, the CCD wash water solution and on a bleed raffinate 
stream. At these stages In the process, copper co-precipitation should be less significant 
due to the lower copper content of the respective streams. The advantages and 
disadvantages of each neutralisation position In the BioCOP® flowsheet are discussed in this 
report 

A process pioneered by Hatch / Hydro-Terra was Identified as the technology most likely to 
promote" precipitation of Iron and arsenic without significant copper' lasses. The process 
utilises controlled supersaturatlon of the solution, allowing crystalline scorodlte and Jaroslte 
to' be precipitated. The crystalline nature of the precipitate minimises copper co- 
precipitation, and Increases the settling rate and filtration characteristics of the precipitate. 

iA number of alternative processes were tested previously at BILLITON Process Research, 
both on bench and pilot plant scale. In addition to the Hatch / Hydro-Terra process, 
conventional neutralisation and neutralisation at low pH to form amorphous ferric arsenate 
> and Jaroslte was tested. The crystalline scorodite process did not yield promising results, as 

(the production of scorodite for the testwork was not successful. Amorphous ferric arsenate 
precipitation at 60°C resulted In relatively little copper loss together with an acceptable 
product settling rate. The product was stable and the process control easier than at higher 
temperature <1) . 

This report details the bench and pilot plant scale neutralisation testwork repeated on 
synthetic solutions and on solutions produced by the Smarties pilot plant in Chile. Liquid- 
solid separation testwork was conducted on neutralised product. 

2. OBJECTIVES 

The objectives of the neutralisation testwork are as follows: 

1. Determine the applicability of the Hatch / Hydro-Terra process and amorphous ferric 
arsenate precipitation of BioCOP® product streams produced by the pilot plant In Chile 

2. Establish the extent of copper co-precipitation at the alternate neutralisation positions 
within the BioCOP® process 

3. Identify the most suitable position of the neutralisation process In the BioCOP flowsheet 

4. Verify the environmental stability of the precipitate formed by the standard Toxicity 
Characteristic Leaching Procedure (TCLP) 

5. Establish the settling and filtration characteristics of the neutralisation product 
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3 NlgUTRALISAT inhl TFST SOLUTIONS 

A summary of the feed characteristics of the solutions used for the neutralisation tests Is 



shown in Table 1 . 



Test 



PI 



P2 



P3 



P4 



P5 



P6 



P7 



P8 



P9 



P10 



P11 



B1 



B2 



B3 



B4 



BS 



B6 



B7 



B8 



B9 



Table 1: Feed Characteristics of Test Solutions 



Fem 

(gVU 



Fe(3+) 



pH of Induction Tests 



1.50 



1.50 



1.60 



1.60 



2.30 



2.30 



2.30 
4.70 



7.42 



7.11 



9.39 



1.50 



1.50 



1.60 



1.60 
2.30 



2.30 



Fe(2+) 

(gvy 



As(5+) 

(g/U 



0.00 



0.00 
0.00 



0.00 



0.00 
0.00 



2.30 



4.70 



7.42 



3.28 



2.59 



0.00 



0.00 
0.00 



3.83 
6.80 



1.03 



0.95 
0.98 



1.04 



1.05 
1.10 
1.10 



1.89 
1.59 
0,50 



0.50 



Batch Neutralisation Tests 



4.06 



4.28 



8.06 



8.21 



7.23 



15.6 



15.6 



4.06 



4.28 



2.70 



2.70 



7.23 



7.53 



17.8 



17.8 



7.59 



17.3 



17.3 



0.00 
0.00 



5.36 



5.51 
0.00 



B.01 
8.01 



0.50 



0.50 



1.82 
1.92 



0.40 
0.40 



1.60 
0.79 



0.79 



3.20 
3.20 



Continuous Pilot Plant Tests 



C1 


6.51 


6.51 


0.00 


1.01 


13.9 


C2 


9.11 


2.69 


6.42 


0.45 


11.7 


C3 


7.90 


7.90 


0.00 


1.72 


5.99 


C4 


15.7 


6.40 


9.30 


0.78 


27.6 


C5 


16.0 


6.40 


9.60 


0.79 


27.6 


C6 


21.9 


21.1 


0.80 


3.05 


20.3 


C7 


21.9 


21.1 


0.80 


3.05 


20.3 


C8 


21.9 


21.1 


0.80 


3.05 


I 20.3 



Cu(T) 



29.0 
29.0 



18.0 



18.0 



18.0 
26.5 



28.5 



18.5 
6.10 



13.0 
13.0 



25.2 



26.2 
11.7 



V 
11.7 



5.95 
28.8 



28.8 



20.2 
20.2 



The oH of Induction tests (P1 - P13), batch tests (B1 - B5) and continuous tests (C1 - C3) 
were'^nducted on synthetic solutions. Batch tests (BB - B7) and conUnuous teste (C4 - 
C5 were conducted on PLS solution produced by the Smarties pilot plan : n Chje Batch 
tests SI - B9) and continuous teste (C6 - CB) were conducted on bloleach decant 
thickener overflow solution produced by the Smarties pilot plant In Chile. 

4. RCQRODITE SEED FORMATION 

Brvn Harris of Hatch Montreal produced scorodlte crystals at McGIII University by using high 
temperaSfas and Pressures In an autoclave>The crystals were to be used for seeding of 
Se bteteach solutions. Scorodlte seed crystals were reported by D Droppert to ^ necessary 
to prevent precipitate scaling or, the equipment, and to provide a site for the slow growth of. 
well formed scorodlte "crystals m . 
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lt was subset found W*^^ 

was.heated.to 85'C, mofphou S?2^fSS5 »»& crystals for seeding and 
This eliminated the possible PMjJJWj pfs solution The seeding concentration 
crystalline growth dunng ^£^"^5, 6 "T« This implies that between 780 
recommended by D Droppert Is between 30 g/L and so g/L h fo|jr neutraljsallon 

grams and 1300 grams of scored! e seed ™^ * J*^^ scorodite see ds. (R1B 666 
'Sr&ZtrX^ - Scfed on the PLS so.u.on produced by the 
pilot plant in Chile, 

Fu * er *,ch scored,* seec , «j-J *g* J-j 3S3SSS 
scorodite seed testwork may be beneficial. 

5. pH OF INDUC TION TESTS 

— ■ - ' / u m c thf. oH at which precipitates change In nature from crystalline' 

The pH of induction (pH ma ) Is the pH a * ^Kf^KSno solution compositions. In practice any 
to amorphous. The bHm vanes a^^JJJSSwJeXVchaiige In the P H set- 

^ES£3S535stf.s=-" ,H * 

solutions. The P H M was then determ ned ^^de slunl used Instead of lime or 
formed does not re-dissolve. My"«"^^*ST^oteSri The endpoint A 
S^» Sr-iS neutransauon solutions Is 

shown in Table 2. 



Table 2: pHi^ Testwork Results 




» * on tP^twork show that each solution composition would require a 
the following trends: 

The nH increases slightly with Increasing copper and ferric Iron concentration 
pH set-point of PLS solution 
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^ ,e SB were u conduce at ^< la^** "EJ2K?y«5w Ee 
pHma of the test solution. The P'J^^fTSSpJaB formation on heating of the 
pilot plant in Chile. «as not ^^J^SJ^UIaeh decant thickener overflow 
solution. Further pH M teswork w II be ^ducted °i " ^ com positjon to the 

solution produced by the pttot P^nt >n ^^^Z^, of time, the prospect of 

'» rod, » precipte,,on does no ' appear 

favourable. 



RFNCH SCALF ""tpa. isftTlONTESTS 



The tests were conducted to: 

t Determine the exten, of copper. Iron and arsenic removal a. pH values ranging from M 
a Setermine the extent of copper. Iron and arsenic removal a. temperatures ranging from 
3. SminT.Se suability of various neutralising reagents .0 be used In the neuuaiisation 
process 

The bench scale neutralisation tests give :an M*"™*^^ 
operate the continuous pilot plant Bench ^^^^JfSftem an amorphous, 
the pHinrj ^twork was only, succ^sfu « on the neutralisation solution and 

precipitate on heating. W^t d ffiS'aiiiG^ precipitation Is 
operaang temperature/Ihe te^ lr^^ d testwork is sm t0 b e 

A summary of the batch neutralisation test conditions and feed compositions Is shown in 
Table 3. 



Table 3: Batch Neutralisation Test Condition s and Feed Compositions 




6 1 Pv pprimental Procedure 

Analytical magnes.um oxide lime or hiros^e was ao k immediately filtered 

graduated ^^^^^^JSS^TSS^. arsenic and Iron losses were 

EloleaS solution were adjusted for the sample aliquot removal. 
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6 2 Results and Discussion 

Appendix 1. Graphical batch neuoaisat.cn ' P™J»?""^T ? gSatintb&xi of synthetic 

X - .he n. uMB sin 3 

reagent. 
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(Synthetic Decant; 65«C; Urn o) 
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pH 



— igurel- Batch Neutralisati on Test B1 Figure 2: Batch Neutralisation Test 82 

Jme as the neutralising reagents. The teste were both conducted at 85 C. 



(Synthetic PLS; 85"C; MgO) 
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(Synthetic PLS: B5«C; Umo) 
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Figure 3: Batch Neutralisation Test B3 



Figure 4: Batch Neutralisation Test B4 



using the same test solution as batch tests B3 and B4. 



i 
1 
I 
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(Synthetic Decant BS'C;Lime) 




Figure 5: Batch Neutralisation Test B5 

The continuous pilot plan, mm. Mm f^JX^S^S^XSSS, 
as baton teat BS. As Indloatad W Fl8t« ^ P^S^^uSTneultBlMllon of PLS 

(> 90%) is possible whilst not exceeding copper losses of 10 
Teste ware conducted at 85'C and 60»C respectively. 




(PUS; 60°C; Lime) 
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^— Figure 7: Batch Neutralisation Test B7 



The PLS solution received contained an amorphous -PjgPWf JJ" ^JSl?!l£ 
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Table 4; PLS Filter Cake Composition 



1 Component 


Content 




0.44 % 


As 


17.5 % 


Cu 1 


5.02 % 


Fe 


14.5 % 


K 


^ ~ 0.30% 


M9 


<6.10 ppm 


Mn 


17.0 ppm 



The precipitate contained ,n ft. PLS sotudon ^^^^^o^ert 

V*en ft. PLS solu»on was heated WNr *f £«»» RgureTandT^e 7 
pH increase and the 80% and 70% So o the solution. The batch 

Lpecttvely. is a result of the precipitate formed on heawg « 1 ™ arsenfc ramovat 
neuWllsatlon teats at a higher opening ^S^S^SSn tests C4 and C5 
rS»«^ Sffi * feats B8 and B7. 

Figure 8 end Figure 9 Indicate the copper iron ^^^SS 
neutralisation of blo.each deer ml thickener wrtMJ ^^^J, .attested as . 

magnesium oxide, 



(Do cant; B5oC; Limestone) 




(Do cant; 60 0 C;Llmo stone) 
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Figure 9: Batch Neutralisation Test B9 



~ Figure 8: Batch Neutralisation Test B8 
No precipitate was formed when f^ffffiS^" 

fit levels; The continuous pilot plant neutral sa g n «** ^ 
sSme solutions as batch neutralisation tests B8 and B9. 
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The batch neuhafea.ion tests indole .he folding trends. 

. Wearing o« <ho M tSr^l »oS on heating of the PLS. hence me 
E3S5i bafch neuron tests 

continuous tests, Le- ?. 4 U 

solutions. 

v/i PLS solution produced by the ferric pre-leach 

Bioleach CCD wash water ^ 
Each neutron step position -hid the BroCOP process 
disadvantages. 

The PLS feed solution, comprising the ^^ d ^^^Sdtal t*S Jon In 

^TrM - d^anfages of neutralising fhe 

PLS solution are as follows: 

f , he PLS prior to SX thereby reducing the 
. Reduction of the ferric jj^^^td degradation of the organic phase 

reducing crud formation in the SX 
nicarlv/antaqes 

. H ,oh copper ~*^*&'?*SSX2& SSlSTb. limited 

•. SSS? SSi?5 "ire' P^oMon pdor to SX I, the neutralise - conducted 

. Set solution flowrate of the neutralisation options 
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The BioCOP" process flowsheet showing the PIS solution neutralisation is shown in Figure 
10. 
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Figure 10: BioCOP 0 Process Flowsheet with PLS Neutralisation 
7 2 Rlnleach Decent Thicken^ Overflow Solution 

ThP hlnleach decant thickener overflow solution contains ferric iron and low levels of ferrous 
Inn The* rsenlclrr the bioleach decant thickener overflow solution is due to the ^disso utlon 
oTenlrglte in °the bioleach The advantages and disadvantages of neutrahs.ng the bioleach 
decant thickener overflow solution are as follows: 

Advantages 

. High ferric iron content of the solution to promote arsenic removal 

. Heating of the solution prior to the ferric pre-leach 

. Lower solution flowrate and copper content than the PLS solut.cn 

Disadvantages 

. Relatively high copper concentrations may result in high copper losses 

. Reduction of the ferric iron content of the solution prior to the feme pre-leach ■ 
onH..r nnnf the acid content of the solution prior to the ferric pre-leach 
?he U «^".d the arsenic that has been washed from the bioleach 

CCD thickener underflow solids 

The BioCOP* process flowsheet showing the bioleach decant thickener overflow solution 

neutralisation is shown in Figure 11. 
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Figure 11 



7.3 



ElfiisM5 B !s edSo ! ^^ 

j u - 4K Q <5V / EX circuit contains both ferrous and ferric 
The raffinate bleed solution produced b _ th arsenic In the raffinate 

iron due to the reduction of ferric iron n the 1 emc pre ' y c cant Wckener ove rflow solution 
'solution is considered due to ^. '^"^^ ''S^na in the ferric pre-leach. The 

Advantages 

. L ow copper conoontraUons, M^jt >n «*» 
from the raffinate bleed solution 



nfeflrivantages. 



. High acid content would result in large 

. Low ferric iron content may Jim* the «ffiwi bleed solution will decrease the 

The BioCOP* process flowsheet sHow.ng the raffinate solution neutralisation is shown in 
Figure 12. 
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Figure 12: BloCOP" Process Flowsheet with Raffinate Neutralisation 
74 Rinlnaeh CC n Wash Water 

The breach CCD wash water so lU «on <M>Mta. -^J£fSTS5S'!fS 

°e U .ralising »e Uoleach CCD wash waler solution are as follows: 
Advantages 

. High ferric iron content of the solution to promote arsenic removal 
. Reduction of ferric iron content prior to SX •oiution 
. Low solution flowrate and lower copper content than the PLS -oiution 
. Low reagent consumption 

nisad vantages 
solution 

The BioCOP* process flowsheet showing the bloleach CCD wash water neutralisation is 
shown in Figure 13. 
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Figure 13: BioCOP 01 Process Flowsheet with CCD Wash Water Neutralisation 
7.5 Conclusions 

Each neutralisation step position within the BloCOP* process flowsheet has advantages and 
disadvantages. Ideally the neutralisation step should be positioned to treat the PLS stream 
prior to SX to lower the ferric concentration entering the SX plant Neutralisation ©f the PLS 
stream, however, may result in significant copper losses due to the high copper tenor of he 
solution The neutralisation of raffinate bleed solution Is the best option in terms of reduction 
of copper loss but has the major disadvantage of high limestone consumption. 
Neutralisation may also be performed on the bloleach decant thickener overflow so u ion 
and the CCD wash water solution. At these stages in the process, copper co-precipitatlon 
should be less significant due to the lower copper content of the respective streams. 
However treating the bloleach decant thickener overflow solution will result in arsenic 
reporting'to the raffinate stream due to not neutralising the arsenic in the CCD wash water 
solution and visa versa. 



8. Pit OT PLANT NEUTRALISATION TESTS 

A neutralisation pilot plant was commissioned in order to conduct a series of continuous 
neutralisation tests based on the criteria established during the batch neutral.sation 
testwork. The objectives of the continuous neutralisation pilot plant tests were to: 

1 . Determine the efficiency of iron and arsenic removal from solution, and to determine the 
stability of the resultant product precipitates formed 

2. To establish the extent of copper co-precipitation at the alternate neutralisation positions 
within the BioCOP® process „ oJl 

3. Determine the reagent consumption required to neutralise the BioCOP process 
streams. 

4. Provide neutralised solution samples for thickening and filtration testwork 
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The continuous neutralisation pilot plant tests were carried out on both synthetic and pilot 
plant PLS and bioleach decant thickener overflow solutions. Synthetic feed solutions were 
used initially whilst bulk samples were being generated by the Smarties pilot plant in Chile. 
The synthetic feed solutions were made up using copper sulphate?, ferric sulphate, ferrous 
sulphate, sulphuric acid and arsenic pentoxide. 

Continuous pilot plant tests were not conducted on bioleach CCD wash water as the stream 
composition is considered similar to that of bioleach decant thickener overflow solution. The 
raffinate solution produced by the SX / EW circuit was not neutralised in the pilot plant. The 
copper tenor Is a great deal lower than the PLS tenor and hence the testwork on the PLS 
solution would give a worst case scenario of copper loss. 

A summary of the feed characteristics of the solutions used In the continuous neutralisation 
testwork is shown in Table 5. 



Tablo 5: Continuous Pilot Plant Neutralisation Feed Analysis 



Test 


Fb(TJ 


Fe(3*) 


Fe(2+) 


As(5+) 


Cu(T) 




(g/L) 


W 


(g/L) 




(g/L) 


C1 


6,51 


6,51 


0.00 


1.01 


13.9 


C2 


9.11 


2.69 


6,42 


0.45 


11.7 


C3 


7.90 


7.90 


0.00 


1.72 


5.99 


C4 


15.7 


6.40 


9.30 


0.78 


27.6 


C5 


16.0 


6.40 


9.60 


0.79 


27.6 


C6 


21,9 


21.1 


0.B0 


3.05 


20.3 


C7 


21.9 


21.1 


0.B0 


3.05 


20.3 I 


ce 


21.9 


21.1 


0.80 


3.05 


20.3 | 



Continuous tests (C1 - C3) were conducted on synthetic solutions. Continuous tests (C4 - 
C8) were conducted on PLS and bioleach decant thickener overflow solution generated by 
the Smarties pilot plant in Chile, 

8.1 Pilot Plant Description and Experimental Procedure 

For all the continuous neutralisation tests, the plant was configured as 4 reactors in series, 
each having an aerated live volume of 6.5 litres. The reactors were each agitated with pitch 
blade impellers at approximately 275 rpm. Air was sparged Into each reactor in order to 
convert ferrous Iron to ferric iron and to aid with mixing. The basic flowsheets of the 
continuous neutralisation pilot plant tests are shown in Figure 14 and Figure 15. 




Figure 14: Basic Flowsheet of the Continuous Neutralisation Circuit: Tests (C1 - C5) 
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Figure lo: tja» ,L r,u, ^ M " I t d via 3 

tesk lime and limestone was ^; up J°S e ? - |n reactor 1, reactor 2 and reactor 3 by 
The continuous — — ■» «= B ™ are ^ST^tSSc^ S3k W. *. « 

con " P , . „ 75 . c „ d 80-C respectively, whilst heating 

Continue™ tests (01 - 02) *«V°P/2t oevse?neatng system Initelly nested the pilot 
:,.™„i= >»ere being manufactured. A water geyser nana* i » UMd t0 

SSrSsSS For Phase 1 o. the «*HrTan" 6 0-?«n 9 P eontlnuoua operation 
establ sh the effect of heating the slurry to 86 C w » » whether OTtmioua 

is given in Table 6. 
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Table 6: Continuous Pilot Plant Neutralisation Test Conditions 



C3 



2.25 



Feed : Recycle Ratio 
Operating Temperature 
Plant Retention (hrs) 
Neutralising reagent 
Reagent Con s ump^ioMg/U 
Trrt N)^nber 
Phase 

P H Control Reactors 
pH Setpoints 

Feed : Recycle Ratio 
Operating Temperature 
plant Retention (hrs) 
Neutralising reagent 

Reagen t Consumptipjl(g/l j^ , npr ^w — ~ 

1 Level In the feed liquor reservoir 

2. tevel in the MgO / CaO / CaCO, make-up tank 

3 p H in each reactor 

Once stab, operation of the P Hot ^ -*£ ?.«S^^ £ 
Se thickener was collected for a r^mrnum P"J< Leacning Proce dure) tebng. The 
cakes were submitted for TCLP 0 oxiciq - oi . analyses. On completion of a 

corresponding solutions were submitted for J*™™ * from each of the reactors 
Sous pilot test, the reactors were drained and the ^ny * for copper 

Se ed and sent for analysis t^jjjj^ sSted I fa XRD analysis. XRD analysis of 
iron and arsenic in precipitate formed was crystalline or 

the filter caKe was conauctea iq mui 
amorphous In nature. 

o 2 R esults ar^ Discussion 
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Table 7: Summary of Continuous Pilot Plant Results 




l ^SZZ^^^^SJ^S online scorodite Is 3%, hence, if there was 
c^sSlfne seorodlte produced then it was below the detects hmlt 



1 5-N0V-E006(WED) 15:53 



c 



c 



17 



ShTlffed of washing the solids.- This was confirmed by higher copper, arsemc and iron 

SEtS* ofS SSSpteS.^ m"Jum copper loss* for the continuous tests was 
Son . analysis and 2% by solution and solids analysis of the praolp,tato. 

Si»a^^^ 

reagent addition increased the copper and arsenic removals, 
and the extracts by TCLP tests. 

Environments, legation tor disposable (quid «. «e •*^"£,S5£^ or "2| Z 

IS T^olptStT?orr?J during the neutralisation process will b< , ttaougljr washed arid 

Sbff The allowable £PA maximum concentration forarsen.c in extracts from solid wastes 
is 5 ppm. 

The continuous neutralisation tests indicate the following trends: 

Crvstalllne scorodite was not detected In any of the continuous neutralisation tests. The 
preclSS taSlwS amorphous ferric arsenate with limited amounts of jaros.te or 

. Kg alone of tho PLS solution produced by the pilot plant in Chile, resulted In copper 

. ^ghe^ resulted In lower copper .osses and higher arsenic 

. Washing the precipitate at pH 1.2 resulted in lower arsenic and copper removals and 

. 'eTo'deS Predpitate is undertaKen, the neutralist products 

. Umlstone is a suitable neutralisation reagent in terms of reagent cost and the range i of pH 
coTolTequired^ The limestone reagent consumption however. Is approximately double 
the lime reagent consumption for the same pH adjustment 



t 
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9 yoyiD^QUDSEP, ftRATlON TESTS 

SKSs of captions used »ere: 
9 1 Pnlymer Selec tion f 

Sinole-stage Soecutom addition required In** addition Sen 

92 pniir sedimentation T ests , 

Bulk sedimentation tests using ^^M^ 
various stirrer speeds and floccu ant dosage^ Tne ^es q{ 3QQ 30 

££d at low dosages. To achieve ^^gjJ^J whI , st 3 to 5 seconds of stirrmg 
seconds of stirring is requ.rec I for the ™s™ ul *™ ° mos ? durable f | 0CC ules were produced 
w reauired after the second flocculant ^sage Jhe mos aura ernatants produced 

MS comCination of various flocculants ^agnjjoc Em The & P^ hazy 

fats ais^ f - «£* — of the supematants t0 

dark brown. 

A t»o,,a 9 e or muitipte ttoocuteto r g . ^'^^ S 1 
of the neutralised product. W*B nafl °o E10 a<«J « JfP r J At thls rGCom mended 

93 H°' 1>faligftd Pnr 1 "^ Thir-kenina Test 

The remainder of the neutralised ^ua SfiX 
Swork was thickened using appr p pmM agnaHo 

Ss The sediment produced by ^' c . k ^%f s a ed i mem was a mixture of gritty pale 
Proximately 55% solids. It was . observed thar hy|° ,m °™ uU ^ ^ m iQ ^ 

55T«d S~ ^^^^Wll2 s'lme to lubricate or levitate the 
large proportion of grit, as mere wd 
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The dense nature of the 

capacity clarifiers since these clar Jers are not ^^-^i^SStow pumping without 
sloping settler base may not be ^St!£^SdSSS^ S« 'am if no further 
a rake. The underflow materia looks °, P 0 f lne y underflaw material. There was 
dewatering was required due to the so ^ intent « ^ r ^ e f u ^^ h ^-3^ thickene r such 
some scum ?<^™J^ ^ would prevent 

Zl" of th^cum tor SoXioZs J be required for at the overflow launder. 

9.4 Filtration Tests 

» mc oHHori m the sediment produced In the thickening test to aid in 
Some supernate was added to the seatmem P r "" ^.tr-tion we re conducted on samples 
flocculant distribution. F^r tests slmula .ng^ ^^^^^^^ ffter. 
of between 70 and 90 mlllll.tres A needle i el : c loth wa usea n ^ ' was renewed for 
The cloth was covered with a d,sc of ^^n 5 iaS 4 paper The pap ^ 
each test. No consequent response tc ' * afte r ten minutes, with 

conducted with the paper membrane No air ^^^^'^ ^ere was no dramatic 
dosage as high as 300g/ton. The «tea ^ed dry b there ^ ^ 
reduction in vacuum at any point. ™e^st two I Itraton t ejs ww ^ 3 

A dirty f,l,rale was produced 

without clogging the cloth. 

of 15% moisture. 

g 5 Recommendations 

which the slurry should emerge genUy into ^ teeo v/em in» de _ 
30/70 or 70/30 splitting. 

cohesive nature of the «edimenLTT» th.ckener J^J 0 ^^ be | positive 
a scum board to exclude scum from the overflow. 
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With proper fioccu.at.on. a horizontal filter! ^ ^ ™ 

material .The fi'^-"^^^ *»' ™ isture wou ' d d b ; 

requirement would be about 0.25 m per nouriy w i fl occ ulant recommended Is 

between 27% and 30%. This filter may require ^ U ^S /ffiffloccutelor should be in 

SSS ESS Asr — - 

recommended. This would reduce the caKe m °' s ' u ' j 7^1 tem The system does not 

Mass rsr— y «. - - 

SoSated by the choice of filter feed equipment. 
10 rntvCLUSIQNS 

Th8 pls «**n product hy «- ^"T^SSM 

neutralisation. 

Heating of the PLS so.ution r-oddced by ^ 

Temperatures of 85°C and ^^SSS^t^ST^^ aids arsenic removal 
ESB "s Sr^rS -^ses. Higher operating temperatures 

?esutd in lower copper losses and higher arsenic removals. 
The effluent arsenic and Iron content 

continuous neutralisation tests, «»^^J^^X^«wlronr»nt a i legislation 
slurry filtrate will be returned to the MBbCOP J^SiSj ttw afsento and copper removal 
limits do not apply. Washing the precipitate ^f^^^ ?redfatat B formed during the 
and copper, arsenic and iron extracts by TCLP tes L* e ' ^ re P disposat and the solution 
neutral.sation process will be«W^ J«£J "^^.S^dpluSes formed during the 

co £^°uS^^ « **" me6t ^ 

allowable EPA limits. 

***** is raadired ^^s* SMSSSi*- JSS 
improve Ihe cake moisture to 15%. 

The ne—n of nM. ^ » ^ffi^i!^ - !*^ 
but has (he ma or disadvantage ol high neuu us awn re a as 

S?S .^^3 rSU* e'n «he PLS 5 o«on 

would give a worst case scenario of copper loss. 
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